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VISUAL OBSERVATIORS OF THE SHOCK WAVE
IN FLIGHT

By George E. Cooper and George A. Rathert, Jr.

SUMMARY

This report presents the results of pilot observatlions and
photographs of the compression shock wave on the wing of an air—
plane in flight. A detalled description of the test conditions

-necessary and the procedure to be followead in producling the visible
ghock are presented. The physlcal phencmenon occurring is dis—
cussed, and, although the observaiions presented have besn mads on
but three alrplanes, it 1s indicated that 1t should be possible to
obtain photographs of shocks on any esirplane I1f the correct ‘test
conditions are duplicated. The pilot's hpservations of the §ccur—
rence of an osclllating shock wave and ite possible relatlonship
wlth the airplane buffeting are also presented. It 1s suggested
that future extension of the method to the study of shock waves
over other surfaces may prove fruitful.

IRTRODOCTION

During high—speed dive tests of a single-englne fighter—type
airplans, the pilot noticed a vislble indlcation of the normal
shock wave over the wing of the type that was first reported by
Major Fredesrick A. Borsodi of the Army Alr Forces. Subseguent
attempts to duplicate the conditioms necessary to the formatlon
of this visible shock—wave Imegs met with such success that an
analysis of the physlcal phenomenon involved was made and 1s
presented in this report. Certain simple rules were established
which must be adhered to iIn producing these visible shock-wave
images at will. The Installation of either 16—miliimeter or
35-millimeter motlion picture cameras in three dlfferent airplanes
produced numerous photographs of the shock weve on both the wing
and the cenopy.

The pllot's observations are used freely throughout the
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discussion, and several posslble applications of the method are
suggested whilch are based on the pllot's opinion of the method'as..
utillity as a regular testing technique.

TEST CONDITIONS AND PROCEDURE
Physical Explenation of Image

The conditions necessary to produce vlsible shock—wave images
are basically the same as those required for any shadowgraph 1mege
of a pressure dilscontinulty. A light source of sultable intenslty 1s
used to produce parallel light, which 1s refracted upon passing
through a varying density medlum before falllng upon a screen or
viewlng surface. A camera may be sdded for recording purpcoses but
1s not essential for viewing purposes. In this particular applica-—
tlon of the shadowgraph principle, the sun 1s used as the light source
and the wing surface as the viewlng screen. The types of image pro—
duced are shown in figure 1. Note that the image of the canopy shock
appears in profile directly above the shadow of the canopy itself,
while the wlng shock 1s in plan form.

An Interpretation of the physical phenomesnon 1nvolved in the
wing image can be made by referring to figure 2. Parallel light
from the sun passes through the low~density alr ahead of the shock
wave and is refracted toward the rear upon entering the high-density
region behind the shock wave. As the pressure change is greater
near the surface, the amount of refraction 1s greater there also.
Consequently, one would expect & dark bend Immedlately behind the
shock—wave wing intersection, followed by a light band. An examina—
tion of figures 1 and 2 shows this to be the case. The image of the
canopy shock shown at the left of flgure 1 has & greater width of
dark and light bands than the wing shock, because of the conical
shaps of the shock wave and 1ts greater dlstance from the wing which
served as the baskground or viewing surface.

Orientation of Sun and Airplane

Experiments have shown that the clearest shock-wave lmages are
produced when the sun 1s near its zenlth and lying approximately 1in
the plane formed by the latersl and directional exes of the alrplane.
A drawlng showlng the proper orilentation of the sun with respect to
the alrplane is presented in figure 3. Vislbillity of the wing shock
‘wave from the cockpit was about the same looking either into or away
from the sun in the cases where the sun was not at 1ts gzenith.
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Canopy shock wavee, of course, are produced only on the down sun

wing and requlre the sun to be near but not at its zenlth. The image,
in thls case, is seen on the inboard portion of the wlng where visi-
bility is best from the cockpit.

Considerable difficulty has been sxperlenced 1n obitalning
prominent shock-wave pictures during the winter months (Oct. — Feb.)
due to the low angle of the sun at its zenith.’ Comversely, during
the summer months no difficulity was experlenced 1n obtelning strongly
vislble shock waves and, furthermore, the latitude with respect to
the sun—alrplane relatlonship 1s the greatest. Satlsfactory results
were obtained durling thls period with the sun as much as 20° forward
of the lateral and directional axis plane as indicated in figure 3.

An sccount muist be taken of the alrplane attltude requlred to
obtaln the critical Mach number necessary for shock formastion. Alr—
planes which regulre a relatlvely steep angle of dive must be dived
1n some degree toward the sun; whereas Jet alrcraft attalning criti-—
cal Mach numbers in level fllght may be expected to obtaln the best
results whlle the sun 1ls directly overhead ag 1s Indicated from a
study of figure 3.

Location of Pllot and Camera

Locatlon of the pllot wlth respect to the shock—wmave image on
the wing is also of great lmportance in relation to 1ts vislbililty,
and 1s probably the outstandling reason why cobservatlon of the limsge
has been reported only once befare.

It is interesting to note that the pilot wes flying the same
model of ailrpldne when he firgt noticed the shock wave as was
MaJor Borsodl when he made his 1nitial observations.

Subsequent £iilghts in other eirplanes, where a visible shock
wave we.s produced, Indicate that this phenomenon is not confined to a
single airplane, however, but has been clearly observed on two other
types. Additlonel corroboration is fournd 1n reference 1, where shock
waves were observed at the wing~tip tank Intersection.

On the initlal airplesne, the pilot was located almost squarely
opposlte the wing—chord station near where the shock occurs. If
the line of the shock wave were extended on this alrplane from one
wing to the other, it would pass almost directly through the pillotts
seat. FPhotographs were obtailned with cameras located near the
pllot's head, approximately 30 inches forward arnd 12 inches to the
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rear. The most distinct plectures were those taken with the camera
directly in line with the shock wave.

Background or Viewing Surface

Some experimentatlon whs carried on with background colors.
Dark blue, light gray, red, and the polished aluminum surfaces all
produced satisfactory results, although the hest bleck and white
photographs were cohtalned with the red surface.

RESULTS AND DISCUSSION
Location

Shock waves have been observed on alrplanes with both the
conventionsl and low—drag alrfolls, but photographs of the latter
only have been obtalned so far. TUnpubllshed chordwlse pressure—
distribution measurements made during tests of a simliler sirplane at
the Lengley Leboratory have been added to figure 4 to show that the
shock—wave locatlion indicated by the pressure dilstribution agrees
quite well with that photographed in flight. The pressure distribu—
tion was measured at the spanwise location of the plot in figure 4,
which 1s somewhat outboard of the vislble portion of the shock wave.

Movement

Below the Mach numbers at which severe buffeting occurred, the
ghock wave was observed to remsin stesdy wilth Mach number and normal
accelerstion held constant. With increasing Mach number and constant
acceleration, the shock—wave location progressed smoothly rearward,
while, with increasing acceleration and constant Mach number, the
locatlion progressed forward.

As the esirplane was pushed to still hlgher Mach numbers and the
puli—-out begun, the shock wave would begin to osclllate fore amd aft
with an ampliitude of 2 to 3 inches. During the osclllation, the
general shift in locatlion was observed to remaln conslstent wilth
changes 1n Mach number and normal acceleration. In every case
observed, the appearance of the oscillation was practically colncident
with the 1ncidence of severe buffetling of the alrplane. As Mach
number was decreased to the polnt where buffeting ceased, the shock
wave would change positlion, moving forward steadlly and decreasing
in vislbillty until it dlsappeared when the Mach number fell below
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the critical for the wing. Fhotographe 1llustrating this movement
and diminishing visibility are presented in flgure 5. The shock—
wave poslitlon in percent chord,which 1s alsco shown In this figure,
was measured at a spanwise location of 28 percent of the semispan.

The csclillating shock wave was observed on two different
airplanes and, in each case, a definite relatlonshlp was felt by the
pilot between the frequency of oscillation and of buffeting, although
no quantitative measurements were cbtained.

Porm and Varlations Observed

On the first test alrplene, the wing shock—wave image took the
form of a emooth curve with one or more reflexes, externding from
about 18 inches from the wing root to within 24 inches of the wing
tip: When oscillating, the entlre shock wave appeared to move as a
unit, although the outboard sectlon would become relatively indistinct.
. Thls airplane had a smooth, painted surface and was exceptlornally free
from waviness in the wing skin.

With a second alrplane, baving an unpainted wing and a rougher
and more wavy surface, the shock wave eppeared broken into several
gsections rather than the smooth conmbtlnuous curve mentloned previously.
Oscilletion of all visible segments took place simultansously,
although, again, the outboard position became Indistinct.

Canopy Shock Waves

Frotographs were also obtalned of the lmage formed on the wing
surface by refraction of the canopy shock waves, one of which 1s
presented in figure l. This . ls of particular interest because 1t
produces the shock wave in proflle, and clesrly shows the form
referred to as g lambda shock. Photographs were obtalned which
showed a definite fore and aft osclllatlon of this shock wave over
the top of the canopy.

Applications

Although these observations have been limited to three airplanses,
1t is felt that the method could be made sppllcable to any airplame,
provided meens of locating the cemere overlocking the wing are aveil-
able at a statlon almost dlrectly opposite the shock wave. It is
true, however, that,in alrplanes where the pillot is located eilther
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far forward or far aft of the wing statlon where the shock occurs, he
will be unable to see the shock himself and so wlll encounter some
difficulty in placing the alrplane correctly Iin relation to the sun.
Practice in an alrplane where he can visually observe the shock wave
and the effect of the sun angle and alrplane attitude on 1ts visibility
should make 1t posslble for any pllot to set up the correct conditioms,
even though he iIs unable to observe the.shock wave himself.

Perhaps the greatest advantage of thils method 1s 1ts simplicity.
Few instruments are required, and very little practice should be
requlred of a competent pllot before he can attaln good visible shock
waves practlcally at will,

The method should prove valuable 1n a further study of the

relstionship between alrplamne buffeting and shock-wave oscillatilon.

A further extension of the method 1s indicated by the canopy shock
photograph, which shows the shock wave In proflle. By mounting the
camera near the wing t1lp and flyling with the sun dlrectly opposite
that wing, it should be possible to obtain profile shadowgraph images
of the shock elther against the slde of the fuselage or against a low.
"fence" mounted at some inboard wing statilon.

It 1s posslble that future application may include obtaining
photographs of the shock waves over other parts of the alrplane
(e.g., on wing—tip tanks as reported in reference 1).

Poasaible Alternatlive Method

In an attempt to obtain a visual indication of the wing shock
positlion by another principle, a system of parallel dark lines was
drawn over g white sectlon of the wing. It .was thought that viewing
these lines through the wing shock wave would, due to the differences
in refraction between the alr 1In and out of the shock wave, cause an
apparent dlstortion of the llnes at the wing-shoclk-wave 1ntersection.
Photographs obtained when the shock wave was known to be present did
not reveal any noticeable dlstortion of these llnes. Further develop—
ment, however, might show this method, which has the advantage of not
requiring dlrect sunlight, to be usable.

CONCLUSIONS
The information contalned in this report shows that visible

shock waves may be observed over the wing and from the canopy of
certain airplanes,using only the sun as a light source, 1If a given
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get of conditlons 1s strictly adhered to by the pllot. From the
discussion and results, the following general concluslons may be
drawng

1. The method will produce satlsfactory shock—wave images
that may be elther viswed or photographed.

2. Establlshment of the correct test conditlons in flight 1s
relatlvely simple, requiring a minimm of practice by the pilot.

3. Extenslon of the method to include a study of the wing shock
in profile, the shock over varlous other surfaces, and further study
of the relationshilp between airplane buffeting and shock-wave oscille—
tion all represent possible future applicatlons.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautlcs,
Moffett Field, Cglif.
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Figure l.— Examples of shock-wave images photographed in flight.
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Chordwise pressure distribution
from flight test results on a
simitlar airplane.

Mach number = .73

Figure 4.— Comparison of shock-wave image position with pressure distribution
measured 1n flight on 2 similar airplans.
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